Abstract: The exciton dephasing time from 5 K to 60 K is measured in InAs/GaAs quanttlnldot molecules using a highly sensitive four-wave mixing technique and shows a systematic dependence from the interdot harrier thickneGes. Currently, there is a significant interest in using "artificial molecules" formed by two quantum-mechanically coupled quantum dots (QDs) for t,he realization of quantum gates involving two-qubit operations [l]. Decoherence due to dephasing is a fundamental obstacle to overcome in quantum computation and its knowledge is of key importance.
Currently, there is a significant interest in using "artificial molecules" formed by two quantum-mechanically coupled quantum dots (QDs) for t,he realization of quantum gates involving two-qubit operations [l] . Decoherence due to dephasing is a fundamental obstacle to overcome in quantum computation and its knowledge is of key importance.
In t,his work, we measured the exciton dephasing time a t low temperatures in a series of quantum-dot molecules (QDMs) with variable interdot barrier thickness d. The investigated samples consist of two layers of vertically stacked InAs/GaAs QDs in which quantum-mechanical coupling of individual molecules was shown [l, 21: We studied five different samples wit,h nominal distances d (from wetting layer to wetting layer) ranging from 16 nin to 5 nm (see sketch in. Fig. 1 ) and a reference sample containing only a single QD layer The t,ime-integrated FWM field amplit,nde versus delay 7 between t,he exciting pulses is shown in Fig. 1 . On the single QD layer at 5K the dynamics is dominat,ed by a long decay time, from which we infer a dephasing time of T2 = 590 i lops. In the initial dynamics, a fast decay within few ps is also visible. This nonexponent,ial FWM decay corresponds to a non-Lorentzian homogeneous lineshape with a sharp zerwphonon line (ZPL) and a broad band from exciton-acoustic phonon interaction [4] . On the QDMs, we distinguish three major differences in the FWh4 dynamics at. 5 K as compared to the single QD layer. i) The dynamics at long delay tim& is faster (T2=340ps), ii) it is strongly non-exponential and iii) the fast initial dynamics has smaller amplit,ude. With increasing temperat,ure the dephasing t.ime decreases and the relative 'amplitude of the initial dynamics increases, ils shown in Fig. 1 at 30K . The temperature dependence, of the homogeneous broadening y (FWHM) corresponding to the measured dephasing time is shown in Fig. 2 for the single QD layer and for the QDMs with d=6 nm. In the QDMs the FWM decay at long delays was fitted with two exponential decay times, and thus two values ye, ^(b are shown in the figure. The temperature dependence of yb was fitted with a constant term (70) and an activated part, according t o the formula indicated in the figure. The homogeneous broadening is higher in QDMs than in QDs at all investigated temperatures.
The changes of the measured excitonic dephasing and its temperature dependence going from uncoupled QDs to QDMs is summarized in Fig.3 where we plotted the zerwtemperature homogeneous broadening yo, the activation energy EA, ^(a (at 10K) and the ZPL weight (at lOK) versus barrier thickness d [3] . Remarkably, all four parameters exhibit a systematic dependence versus d. These experimental data indicate that both the exciton radiative broadening and the excitonacoustic phonon inter'action systematically change, going from uncoupled QDs to QDMs. For the possible applications in quantum operations, our results show that, although QDMs exhibit faster dephasing with increasing quantummechanical coupling, the dephasing time at low temperature is in the -100 ps timescale, much longer than the period of a coherent ?i Rabi rotation 151. 
